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The great acceleration
Economists and politicians like graphs that show increases over time, especially if it's the GDP, share prices, or similar indicators of economic activity that are growing with time. Economic growth has been the driver of prosperity in the OECD countries and development in the rest of the world over the last seven decades and as such its importance is never questioned by people in power.
The 'planetary dashboard' -a set of twelve graphs representing human activities and another twelve is observed in the extent of human impact on the Earth system, refl ected by parameters such as atmospheric carbon dioxide and ocean acidifi cation.
A phenomenon that did surprise the authors of the fi rst planetary dashboard, and that was confi rmed by the recent update, is a marked upwards kink in nearly all the graphs, happening around the year 1950. The authors have called this the 'great acceleration' and concluded that both the global activity and its impact on natural resources and the Earth system have switched to a higher gear in the middle of the 20 th century. This means that in the past seven decades humanity has caused signifi cant changes to the Earth system at a much faster rate than at any previous time in our history.
In the update expanding the analysis to 2010, the authors fi nd that most of these sharply rising trends have continued on their unsustainable trajectory. Two of the rises have grown weaker, not because of human awareness, but because the resources affected are running low. These are the construction of large dams (running out of rivers to dam) and the capture of marine fi sh. The concentration of methane in the atmosphere is tailing off for simple geochemical reasons. The only parameter that has seen improvement due to positive policy change is stratospheric ozone depletion. Thanks to the successful implementation of the Montreal protocol, the notorious ozone hole has peaked around 1990 and is now fi rmly on the road to recovery.
The original dashboard publication has faced criticism from the social sciences for bundling up the whole of humanity into unifi ed global activity parameters, ignoring the fact that most of the human impact on the Earth system so far has originated from the industrialised countries only and thus from only a fraction of the world population.
In response, the authors of the update have now differentiated ten of the twelve socio-economic graphs to split between the OECD countries, the emerging BRICS economies (Brazil, Russia, India, China, South Africa) and the rest of the world. The split graphs show, not surprisingly, that most of the population growth happens in the developing countries, while economic activity gradually shifts from OECD countries to the emerging economies.
The important question behind this differentiated view is whether the developing countries are bound to repeat the mistakes of the Western world, for instance in relying on fossil fuels and private motor cars. The authors fi nd that in many ways the developing countries follow in the unsustainable tracks of the already industrialised ones. However, they cite the rapid adoption of mobile phone technology in Africa as an example showing that developing countries can leapfrog yesterday's technologies -in this case, the need to build landline infrastructure -and catch up with the modern world fairly rapidly. Whether similar leapfrogging success can be realised in other key areas, such as energy, transport and urbanisation, remains to be seen.
Crossing boundaries
The acceleration graphs tell us that we are on a path that looks highly unsustainable, but they don't reveal how far we have advanced on that path, or when might be the last chance to turn around and avoid collapse of vital resources.
To address this type of question, Johan Rockström and colleagues introduced the concept of nine 'planetary boundaries' in an analysis published in 2009, defi ning a 'safe operating space' for humanity to maintain the stability of the Earth system. The authors found that in several parameters, including biosphere integrity and biogeochemical cycles (especially nitrogen and phosphorus cycles), the safety limits had already been exceeded.
An international group of researchers, again led by Will Steffen, has now revised and updated this analysis as well (Science (2015) http:// dx.doi.org/10.1126/science.1259855). The authors added some regionally detailed boundaries, they write, "based on the necessity to consider this level to understand the functioning of the Earth System as a whole." Geographical distribution has been considered for fi ve of the planetary boundaries, such as atmospheric pollution and land use change.
In the new analysis, biosphere integrity (previously: biodiversity) and biogeochemical cycles are still the most pressing concerns, both marked as red in a traffi c-light colour coding. The authors have split the biosphere integrity issue into two functionally separate components, namely genetic diversity as an 'information bank' for life on Earth, which is in the red zone due to the rapid extinction of species caused by humans. The other component aims to describe the importance of the biosphere for the functioning of the Earth system as a whole, but this has so far only been studied at a regional level, so there is no defi nitive global boundary for it as yet.
The most dramatic anthropogenic changes to biochemical cycles arise . (2012) 22, R1-R4) .
Similarly, the large-scale use of mined phosphates in fertilisers, apart from being unsustainable in terms of the limitations of this resource, is killing off freshwater and marine ecosystems through eutrophication and turning large areas of the oceans into dead zones. Responsible use avoiding runoff into rivers is an urgent necessity for all fertilisers and, in addition to this, we will eventually have to recycle phosphorus to avoid crises produced by the limits of this resource.
Land change and climate change are the parameters that fall into the yellow zone of uncertainty between the limits of the safe operating space and the danger zone. The climate issue suffers from being the most politicised of the environmental problems, leading to many futile discussions and a much too slow response from governments and the economy. Much more quietly, the change of land use, including deforestation for agriculture, has crept ahead and appears as close to the danger zone as climate change.
There is still uncertainty about how to defi ne and assess boundaries for 'novel entities', including chemical pollution, and aerosol loading of the atmosphere. The good news is that we remain in the safe operating space globally for freshwater use, stratospheric ozone, and (just) ocean acidifi cation.
In addition to the regional boundaries, Steffen and colleagues also introduced a new hierarchy of boundaries in which climate change and biosphere integrity take centre stage, as they are interacting with all of the other parameters analysed. The authors argue that "large changes in the climate or in biosphere integrity would likely, on their own, push the Earth system out of the Holocene state." Seeing that in their traffi c light assessment, one appears red and the other yellow, it's not looking very promising for the Holocene.
Anthropocene now?
The concentration of carbon dioxide in the atmosphere is now higher than it has been at any point in at least the last million years, and is likely at levels These global changes would already ensure that geologists of the future would fi nd it relatively easy to spot the middle of the 20 th century in any sediment layers. "One thing that has struck me is the way that a number of the activities and Earth process trends graphed by Will Steffen and his colleagues translate effectively into geology," remarks Zalasiewicz, "the carbon emissions are refl ected in changes in carbon isotopes in plankton shells, the nitrogen shift is seen in the chemistry of lake layers, the biospheric changes will be refl ected in future fossils, and so on. It's quite a neat interplay of action and petrifaction."
As a bonus feature, however, humanity left a foolproof geological signal that can be pinned down to a precise date, namely the fi rst testing of an atomic bomb at Alamogordo, New Mexico, on July 16, 1945. The radionuclides from this nuclear explosion -and the ~500 others that followed until 1963 -spread around the world and can be easily identifi ed in sediments and ice cores.
Choosing the fi rst test as the beginning, rather than the peak of the testing craze in the 1950s, the authors argue, has the advantage of clarity, as all anthropogenic radionuclides found would automatically be counted as within the thus-defi ned Anthropocene. This suggestion, the authors emphasise, is not just a contribution to the ongoing consideration regarding formal approval of the Anthropocene as an epoch. It could be used even if it remained just an informal concept.
The working group aims to make its recommendation at the International Geological Congress in 2016. If it recommends the new epoch, a subcommission of the ICS will then take over and decide whether to submit a defi nitive proposal to the ICS for its epoch-making decision.
Whether or not the Anthropocene becomes a new epoch, the fact that we have already kicked the Earth system so hard that that it appears to have left the stable equilibrium of the Holocene should spur humanity into action. Considering the extreme climate swings and mass extinctions of the geological record, the Holocene was a surprisingly cosy epoch uniquely suitable for a nearly hairless ape species to colonise the whole world. Now that we are essentially driving the changes at the planetary level, we should do all we can to stay in the Holocene.
